





























([SHULPHQWDO GDWD IURP 65:& ILHOGV LUULJDWHG ZLWK PXQLFLSDO ZDVWHZDWHU LQ FHQWUDO
6ZHGHQVXJJHVWWKDWLQSUDFWLFH1OHDFKLQJLVVLJQLILFDQWO\ORZHUHYHQZKHQWKH1ORDG
DSSOLHG LV JUHDWHU WKDQ WKH 1 UHTXLUHPHQWV RI 65:& *URZWK RI ZLOORZ SODQWV RI ILYH
GLIIHUHQW FORQHV LQ SRW H[SHULPHQWV LUULJDWHG ZLWK ODQGILOO OHDFKDWH ZDV UHGXFHG E\
FRPSDULVRQZLWKWKDWRIFRQWUROSODQWV7KHUHGXFWLRQZDVDWWULEXWHGWRVDOLQHVWUHVVRU3
GHILFLHQF\ DQG LQGLFDWHV WKDW ZKHQ KD]DUGRXV FRPSRXQGV DUH SUHVHQW LQ ZDVWHZDWHU
LUULJDWLRQ UDWHV VKRXOG EH DGMXVWHG WR DYRLG JURZWK UHGXFWLRQ *HQHWLF GLIIHUHQFHV ZHUH
REVHUYHG EHWZHHQ ZLOORZ FORQHV LQ VDOW WROHUDQFH DQG JURZWK SHUIRUPDQFH 7KH FDUHIXO
VHOHFWLRQRIFORQHVWRVXLWVSHFLILFVLWXDWLRQVLVWKHUHIRUHUHFRPPHQGHG/HDIOHQJWKFDQEH
XVHGIRUUDSLGGLDJQRVLVRIVWUHVVWRSHUPLWDGMXVWPHQWRIWKHLUULJDWLRQUDWHDQGWKXVWR
DYRLG JURZWK UHGXFWLRQ 3K\WRUHPHGLDO HIILFLHQF\ RI 65:& LV VDWLVIDFWRU\ ZKHQ WKH
FRQFHQWUDWLRQRIKD]DUGRXVFRPSRXQGVLQZDVWHZDWHUVLVORZDVLQORJ\DUGUXQRIIDQG
GHSHQGV RQ LUULJDWLRQ LQWHQVLW\ $SSOLFDWLRQ RI VOXGJH±DVK PL[WXUHV WR 65:& LV QRW D
VXEVWDQWLDOWKUHDWWRVXVWDLQDELOLW\LQWHUPVRIKHDY\PHWDOV7RWDO&GLQWKHVRLOLVH[SHFWHG
WRGHFUHDVHDIWHUKDUYHVWEXWRWKHUPHWDOVDQG3ORDGVPXVWDOVREHFRQVLGHUHG

















































, 'LPLWULRX , 	 $URQVVRQ 3  1LWURJHQ OHDFKLQJ IURP 6KRUW5RWDWLRQ























GLVWDQFH EHWZHHQ DQG ZLWKLQ URZV  P DQG  P UHVSHFWLYHO\ GLVWDQFH





$IWHU KDUYHVW WKH SODQWV UHVSURXW YLJRURXVO\ DQG UHSODQWLQJ LV WKHUHIRUH QRW
QHFHVVDU\7KHHVWLPDWHGHFRQRPLFOLIHVSDQRID65:&LV±\HDUV6HQQHUE\












UHSODFLQJ IRVVLO IXHOV E\ QHZ HQHUJ\ VRXUFHV UHVXOWHG LQ WKH LQWURGXFWLRQ DQG
FXOWLYDWLRQRI65:&7KHLQWHQWLRQZDVWRILQGIDVWJURZLQJVSHFLHVZKLFKFRXOG
EHJURZQLQWHQVLYHO\DQGZKLFKZRXOGDWWDLQKLJKJURZWKUDWHV([WHQVLYHUHVHDUFK
LQWR WKH SODQW ELRORJ\ VWDQG HFRORJ\ DQG SURGXFWLRQ V\VWHPV RI VSHFLHV IURP
GLIIHUHQWJHQHUD$OQXV%HWXOD3RSXOXV6DOL[HWFVXJJHVWHGWKDWZLOORZVJURZQ
LQFRSSLFHSHUIRUPHGEHWWHUWKDQRWKHUVSHFLHVWHVWHGDQGZHUHPRUHVXLWDEOHIRU
XVH LQ 6ZHGLVK HQHUJ\ IRUHVWU\ 6LUpQ HW DO  6HQQHUE\)RUVVH 
































LUULJDWLRQ UDWHV ,Q DGGLWLRQ 65:& LV UHSRUWHG WR EH FDSDEOH RI WDNLQJ XS
VXEVWDQWLDODPRXQWVRIKHDY\PHWDOVVXFKDV &G²DQG LV WKHUHIRUH VXLWDEOH IRU
UHPHGLDWLQJSROOXWHGVLWHV/DQGEHUJ	*UHJHU.ODQJ:HVWLQ	(ULNVVRQ
²DQG LV DOVR FDSDEOH RI UHWDLQLQJ ODUJH DPRXQWV RI QXWULHQWV $URQVVRQ

6XVWDLQDELOLW\RI65:&SK\WRUHPHGLDWLRQV\VWHPV
7KH SULQFLSOH RI VXVWDLQDEOH GHYHORSPHQW ZDV ILUVW VWDWHG E\ WKH :RUOG
&RPPLVVLRQ RQ (QYLURQPHQW DQG 'HYHORSPHQW LQ D UHSRUW RIWHQ FDOOHG WKH
µ%UXQGWODQGUHSRUW¶LQDVµWKHGHYHORSPHQWWKDWPHHWVWKHQHHGVRISUHVHQW
ZLWKRXWFRPSURPLVLQJWKHQHHGVRIIXWXUHJHQHUDWLRQV¶7KLVJHQHUDOGHILQLWLRQZDV
H[SUHVVHG LQ SROLWLFDO WHUPV DQG KDV EHHQ IXUWKHU GHYHORSHG WR FRYHU GLIIHUHQW










LQVWDQFH LQ QXWULHQW ORDGV ZKLFK ZRXOG GLIIHU JUHDWO\ IURP WKH QXWULHQW




WKH DSSOLFDWLRQ RI PXQLFLSDO ZDVWHZDWHU²RIWHQ UHJDUGHG DV RQH RI WKH OHVV
KD]DUGRXV UHVLGXHV DSSOLHG WR 65:& VLQFH LWV QXWULHQW FRQWHQW PDWFKHV WKH







FRQWULEXWH WR WKH µJUHHQKRXVH HIIHFW¶ DQG WKH HXWURSKLFDWLRQ RI ZDWHU V\VWHPV










XOWLPDWHO\ WR VXUURXQGLQJ ZDWHU V\VWHPV PD\ FDXVH WKHLU TXDOLW\ WR GHWHULRUDWH
%RUJn(ORZVRQ	/LXNNR-RQVVRQ
7KHVSHFLDOIHDWXUHVRI65:&LQSK\WRUHPHGLDWLRQV\VWHPVPHQWLRQHGDERYH
FDQ LQ PDQ\ FDVHV UHGXFH WKHVH ULVNV 7R DFKLHYH RU LPSURYH WKH VXVWDLQDEOH
RSHUDWLRQRI65:&SK\WRUHPHGLDWLRQV\VWHPVDQGVLPXOWDQHRXVO\SURGXFHODUJH
TXDQWLWLHVRIELRPDVVDQLQWHJUDWHGDSSURDFKVKRXOGEHDGRSWHGZKLFKWDNHVLQWR



















































1           
3           






:LOORZ SODQWV 6DOL[ YLPLQDOLV FORQH µ¶ ZHUH SODQWHG LQ HLJKW O
O\VLPHWHUVIRXUILOOHGZLWKFOD\VHW$DQGIRXUZLWKVDQGVHW%7ZRRIWKH
O\VLPHWHUVIURPVHW$DQGWZRIURPVHW%ZHUHLUULJDWHGZLWK1ULFKZDVWHZDWHU






















7ZR FXWWLQJV RI HDFK RI ILYH ZLOORZ FORQHV µ¶ µ-RUU¶ µ/RGHQ¶ µ2ORI¶
µ7RUD¶ ZHUH SODQWHG LQ GP
￿













HDFKSODQW ZDV VHSDUDWHG LQWR OHDYHV VKRRWV FXWWLQJ DQG URRWV WKHQ GULHG DQG
ZHLJKHG*URZWKSDUDPHWHUVDVZHOODVOHDIDUHDOHDIOHQJWKDQGOHDIIOXFWXDWLQJ
DV\PPHWU\ QRQGLUHFWLRQDO GHYLDWLRQ IURP H[SHFWHG OHDI V\PPHWU\ ZHUH
PHDVXUHG7KHPDFURQXWULHQWFRQWHQWRISODQWSDUWVZDVDQDO\VHGIRUHYHU\FORQH
IRUWKHVWURQJHVWOHDFKDWHWUHDWPHQWDQGIRUWKHFRQWURO




















7KH VSHFLILF DLPV RI WKLV VWXG\ ZHUH WR GLVFRYHU KRZ KHDY\PHWDO XSWDNH LQ
6:5& ZDV DIIHFWHG E\ WKH DSSOLFDWLRQ RI WKH VOXGJH±DVK PL[WXUH DQG WR
LQYHVWLJDWHKRZWKHUHPHGLDWLRQHIIHFWRIZLOORZ²DFRPELQDWLRQRIJURZWKUDWH





LQWHQVLWLHV  DQG  PP G
￿
￿
 ZLWK ORJ\DUG UXQRII IURP D FORVHG ORJ\DUG
VSULQNOLQJV\VWHPGXULQJDSSUR[LPDWHO\IRXUPRQWKVLQWKHVXPPHU(LJKWRIWKH








UHODWLYH LQ SHU FHQW ZDV FDOFXODWHG RQ WKH EDVLV RI FRQFHQWUDWLRQ DQG YROXPH
GLIIHUHQFHVEHWZHHQWKHLUULJDWLRQZDWHUDQGWKHGUDLQDJHZDWHU
7KH VSHFLILF DLP RI WKLV VWXG\ ZDV WR LQYHVWLJDWH SRVVLEOH GLIIHUHQFHV LQ
































EH SDUWO\ UHVSRQVLEOH IRU WKH HXWURSKLFDWLRQ RI ZDWHU V\VWHPV LQ 6ZHGHQ LQ
FRQVHTXHQFHRIWKH1DQG3FRQWHQWRIWKHZDVWHZDWHU619,WKDVEHHQ
HVWLPDWHGWKDW  RI WKH WRWDO DQWKURSRJHQLF 1 ORDG GLVFKDUJHG LQWR 6ZHGLVK
FRDVWDO ZDWHUV LV GHULYHG IURP ZDVWHZDWHU WUHDWPHQW SODQWV 619  7KH
FRQFHQWUDWLRQRI13DQG.LQGRPHVWLFZDVWHZDWHUZDVUHSRUWHGWRPDWFKWKH
RSWLPDOFRQFHQWUDWLRQVIRU6DOL[JURZWK(ULFVVRQ3HUWWX	.RZDOLN
LUULJDWLRQ RI 65:& ZLWK ZDVWHZDWHU ZDV FRQVLGHUHG DQ DSSURSULDWH

























































7KLV FDQ EH DWWULEXWHG WR WKH KLJK LUULJDWLRQ ORDG  PP G
￿
￿


























1R VLJQLILFDQW GLIIHUHQFHV ZHUH REVHUYHG EHWZHHQ ZDVWHZDWHU DQG OLTXLG
IHUWLOLVHUDVUHJDUGVOHDFKLQJ3DSHU,7KHRQO\GLIIHUHQFHLQWKHEHKDYLRXURIWKH
WZR ZDWHU W\SHV ZDV WKDW 12
￿
￿
 FRQFHQWUDWLRQV LQ WKH GUDLQDJH ZDWHU IURP WKH
O\VLPHWHUV ZKLFK ZHUH LUULJDWHG ZLWK OLTXLG IHUWLOLVHU ZHUH KLJKHU DQG ZHUH
REVHUYHG HDUOLHU WKDQ WKH FRUUHVSRQGLQJ RQHV IRU ZDVWHZDWHU 7KLV SRVVLEO\
LQGLFDWHV D WHPSRUDU\ 1+
￿
￿
 DGVRUSWLRQ WR WKH VRLO SDUWLFOHV DQG KLJKHU
GHQLWULILFDWLRQGXHWRWKHKLJKHURUJDQLFFDUERQRIZDVWHZDWHU7KHDPRXQWRI&
DYDLODEOHWRPLFURRUJDQLVPVLVRIWHQWKHOLPLWLQJIDFWRUIRUGHQLWULILFDWLRQ:HLHUHW




















PHDVXUHG ,I WKH DPRXQWV RI 1 HQWHULQJ WKH VRLO SRRO E\ OLWWHU GHFD\ DQG WKH
DPRXQWVRI1LQFRUSRUDWHGLQEHORZJURXQGSODQWELRPDVVDUHFDOFXODWHGE\PHDQV









, LQFOXGLQJ WKH PHDQ YDOXHV Q  RI 1DSSOLFDWLRQ YLD LUULJDWLRQIHUWLOLVDWLRQ DQG 1
OHDFKLQJORDGV7KHYDOXHVLQGLFDWHYDOXHV FDOFXODWHG RQ WKH EDVLV RI WKH FRQFHSWXDO











,UULJDWLRQ    
/HDFKLQJ ± ± ± ±
6KRRWV ± ± ± ±
6WXPSV ± ± ± ±
&RDUVHURRWV ± ± ± ±
/HDIOLWWHUWRKXPXV ± ± ± ±
)LQHURRWOLWWHUWR
KXPXV
± ± ± ±
1RWDFFRXQWHGIRU   ± ±
S    
,QWKHEXGJHWRI7DEOHWKHWHUPµ1QRWDFFRXQWHGIRU¶UHIHUVWRWKHQHWUHVXOWRI
PLQHUDOLVHG 1 DQG WR 1 ORVW WR WKH DWPRVSKHUH E\ GHQLWULILFDWLRQ RU DPPRQLD






3DSHU , LUULJDWLRQ ZDV FRQGXFWHG DW KLJK LQWHQVLW\ WKH VDWXUDWLRQ OHYHO ZDV




ZHUH SUHVHQW RZLQJ WR LUULJDWLRQ ZLWK
ZDVWHZDWHUDQGOLTXLGIHUWLOLVHUDQGWKHRUJDQLFPDWWHUFRQWHQWZDVKLJKHUWKDQWKDW
LQ VDQG O\VLPHWHUV 7KH RUJDQLF FRQWHQW RI WKH ZDVWHZDWHU PLJKW KDYH DOVR

















&KHQ  6PLWK )UHQH\ 	 %RQG  IRXQG WKDW DPPRQLD YRODWLOLVDWLRQ




























































RI QHZO\ KDUYHVWHG ZLOORZV HYHQ DW KLJK LUULJDWLRQ UDWHV DQG ZLWK ZDVWHZDWHU
FRQWDLQLQJDKLJK1FRQFHQWUDWLRQGXULQJD VKRUW SHULRG 7KH UHVXOWV IURP WKH
LUULJDWLRQ DW (QN|SLQJ ZKLFK ZDV FDUULHG RXW LQ D PRUH UHDOLVWLF IDVKLRQ ZLWK






.OHPHGWVVRQ HW DO  7KH FRQFHQWUDWLRQV RI 12






















 ZKLFK LV UDWKHU KLJK
FRPSDUHGWRRWKHUFRPPHUFLDOILHOGVLQWKHDUHD1RUGKSHUVRQDOFRPPXQLFDWLRQ
7KLV LQGLFDWHV DQ DEVHQFH RI QHJDWLYH HIIHFWV RI ZDVWHZDWHU LUULJDWLRQ RQ SODQW





















ZDVWHZDWHUV 1 FRQFHQWUDWLRQV FDQQRW EH UHJXODWHG E\ GLOXWLRQ KHQFH RQO\ WKH
LUULJDWLRQUDWHFDQEHDGMXVWHGWRDIIHFWWKHWRWDODPRXQWRI1DSSOLHG
6HYHUDOPRGHOVIRUZDVWHZDWHU LUULJDWLRQ RI YDULRXV VKRUWURWDWLRQ FURSV KDYH
EHHQFRQVWUXFWHG2XHWDO$O-DPDO0RVWRIWKHPDUHEDVHGRQWKH
SODQW¶VZDWHUUHTXLUHPHQWVDQGDLPWRRSWLPLVHZDWHUXVHEXWGRQRWWDNHLQWR









DSSOLFDELOLW\ D PRUH FRPSOH[ PRGHO ZRXOG EH UHTXLUHG EHFDXVH D UDQJH RI
FRQGLWLRQVPXVWEHFRYHUHG%RQG6QRZHWDO7KHSUHVHQWWKHVLV











































































































































































































































































































































FRXQWULHV )UDQFH *UHHFH 6ZHGHQ 8. ZLWKLQ WKH (XURSHDQ 8QLRQ SURMHFW
)$,5&7/DUVVRQHWDO7KHUHZDVDUDQJHRIGLIIHUHQFHVLQVRLO
DQGZDVWHZDWHUW\SHVEXWWKHZLOORZFORQHXVHGZDVWKHVDPHLH6YLPLQDOLV
µ-RUU¶ ZKLFK ZDV GHYHORSHG IRU QRUWK(XURSHDQ FOLPDWLF FRQGLWLRQV 6LPLODU
PHWKRGRORJ\DQGFDOFXODWLRQVDVLQHTXDWLRQZHUHXVHGWRGHFLGHLUULJDWLRQ
OHYHOV IRU WKH GLIIHUHQW WUHDWPHQWV µ3RWHQWLDO (YDSRWUDQVSLUDWLRQ¶ 3( ZDV
FDOFXODWHGE\PXOWLSO\LQJDFURSFRHIILFLHQWZKLFKYDULHVWKURXJKRXWWKHJURZLQJ
VHDVRQ DQG ZKLFK WRRN ORFDO FOLPDWLF FRQGLWLRQV LQWR FRQVLGHUDWLRQ E\ WKH
3HQPDQHYDSRUDWLRQUDWH/LQGURWK	%nWK,UULJDWLRQDWWKHUDWHV´3(DQG




















































VSHFLILF FOLPDWLF FRQGLWLRQV LQ RUGHU WR SURGXFH PRUH ELRPDVV DQG PXVW DOVR
WROHUDWHSHVWDWWDFNV)XUWKHUPRUHZKHQLWLVWUHDWHGZLWKKLJKLUULJDWLRQORDGVWKH
SODQWVSHFLHVRUYDULHW\ZLWKWKHKLJKHVWHYDSRWUDQVSLUDWLRQUDWHVKRXOGEHXVHGWKH
JUHDWHU LV WKH HYDSRWUDQVSLUDWLRQ WKH PRUH ZDWHU LV µILOWHUHG¶ E\ WUHHV DQG WKH
VPDOOHU LV WKH SRWHQWLDO KD]DUG GXH WR OHDFKLQJ 7KH FOLPDWLF FRQGLWLRQV RI D











 LV QRW OLPLWHG DQDHURELF PLFURVLWHV²D SUHUHTXLVLWH IRU






VKRRWV QHW 1PLQHUDOLVDWLRQ GHQLWULILFDWLRQ 1+
￿  YRODWLOLVDWLRQ DQG 1OHDFKLQJ
ZKLFKGHSHQGJUHDWO\RQVLWHVSHFLILFFKDUDFWHULVWLFVWKHQDEHWWHUXQGHUVWDQGLQJRI
DVXVWDLQDEOHDSSOLFDWLRQRIZDVWHZDWHUWR65:&ZRXOGEHREWDLQHG











WKH OHDFKDWH LV KLJKO\ YDULDEOH DQG LV LQIOXHQFHG E\ WKH W\SH RI VROLG ZDVWH
GHSRVLWHG WKH DJH RI WKH ODQGILOO WKH UDWH RI ZDVWH LQSXW DQG WKH FOLPDWH
&KULVWHQVHQ HW DO  9DQ GHU 6ORRW HW DO  ,Q DGGLWLRQ WR D KLJK
FRQFHQWUDWLRQRI1+
￿ 1DQGWDNLQJLQWRDFFRXQWWKDW1LVDSODQWQXWULHQWWKHUHLV















7DEOH  7\SLFDO FKHPLFDO FRPSRVLWLRQ RI ODQGILOO OHDFKDWHV $ONHU  DQG 6ZHGLVK










































7KHLGHQWLILFDWLRQRIWKHLUULJDWLRQORDGZKLFK ZLOO QRW KDUP RU GHFUHDVH WKH
JURZWKRI65:&LQDILHOGVLWXDWLRQLVWKHUHIRUHHVVHQWLDO7KLVORDGLVUHODWHGWR



















VXIIHU IURP WR[LF HIIHFWV GXH WR 1+
￿
￿




µVWURQJHU¶ OHDFKDWH WUHDWPHQW ZHUH FD  PJ O
￿
￿
 ORZHU WKDQ WKRVH LQ VLPLODU
H[SHULPHQWVLQWKHOLWHUDWXUH$ONHU:DW]LQJHUHWDODQGGDPDJHG
SODQW SDUWV GXH WR 1+
￿
￿












 WKLV PD\ DOVR KDYH FRQWULEXWHG WR WKH KLJKHU 1 FRQFHQWUDWLRQV LQ WKH









\RXQJ SODQWV JURZQ LQ SRWV $FFRUGLQJ WR )$2 JXLGHOLQHV IRU WKH TXDOLW\ RI
LUULJDWLRQZDWHULQDJULFXOWXUHWKHUHDUHVHYHUHUHVWULFWLRQVRQWKHXVHLQDJULFXOWXUH































































UHIHUHQFH 7KH DYHUDJH GDLO\ OHDFKDWH ORDG ZDV  PP ZKLFK UHVXOWHG LQ DQ















































































JURZWK DQG FRQWULEXWH WR WKH DYRLGDQFH RI QHJDWLYH HIIHFWV RQ 65:& JURZWK
)XUWKHUPRUHWKHVHOHFWLRQRIDVDOWWROHUDQWZLOORZFORQHZKLFKFDQDOVRSURGXFH
ODUJHDPRXQWVRIELRPDVVZRXOGUHVXOWLQEHWWHUWUHDWPHQWRIOHDFKDWHDQGEHWWHU






























7KH VSULQNOLQJ RI VDZWLPEHU DQG SXOSZRRG ZLWK ZDWHU GXULQJ VXPPHU DIIRUGV
SURWHFWLRQIURPGDPDJHE\LQVHFWVDQGIXQJLDQGIURPFUDFNVGXHWRWKHGU\LQJRXW


































7KHH[SHULPHQWVLQ3DSHUV,9DQG9ZHUH FDUULHG RXW LQ DQ DWWHPSW WR PLPLF
LUULJDWLRQ LQWHQVLW\ LQ WKH µUHDO¶ VLWXDWLRQ FRQGXFWHG DW +HE\ DQG WR HVWLPDWH
ZKHWKHU WKH LUULJDWLRQ PHWKRG FKRVHQ ZDV VXVWDLQDEOH 7KH DELOLW\ RI YDULRXV
VSHFLHVJURZQLQGLIIHUHQWW\SHVRIVRLOWRDFKLHYHVXVWDLQDEOHUHPHGLDWLRQRIWZR






$ PDMRU GLIIHUHQFH EHWZHHQ WKH H[SHULPHQWV LQ 3DSHUV ,9 DQG 9 DQG WKH
O\VLPHWHUH[SHULPHQWLQ3DSHU,ZDVWKHLUULJDWLRQLQWHQVLW\7KHGDLO\LUULJDWLRQ
ORDGVLPSRVHGRQWKHO\VLPHWHUVLQ3DSHUV,9DQG9ZHUHDQGPP




















































































































































































KDUYHVW 6ODJEUDQG SHUVRQDO FRPPXQLFDWLRQ 6OXGJH FRQWDLQV VRPH 1 PDLQO\
RUJDQLFDOO\ERXQGDQGODUJHDPRXQWVRI3EXWYHU\OLWWOHSRWDVVLXP.ZRRGDVK
FRQWDLQVVRPH3DQGODUJHDPRXQWVRI.7DEOH:RRGDVKZKHQDYDLODEOHLV
PL[HGZLWK VOXGJH VLQFH LW FRQWDLQV VRPH 3 EXW DOVR . DQG D PRUH EDODQFHG
IHUWLOLVHU LV SURGXFHG 7KH PL[WXUH LV DSSOLHG WR 65:& DV D UHSODFHPHQW IRU
FRQYHQWLRQDOLQRUJDQLFIHUWLOLVDWLRQ$FFRUGLQJWROHJLVODWLRQWKHDPRXQWRI3LQ













WR WDNH XS KHDY\ PHWDOV SDUWLFXODUO\ FDGPLXP &G DQG QXWULHQWV LQ H[FHVV
/DQGEHUJ	*UHJHU3HUWWX	.RZDOLNPLJKWUHGXFHSRWHQWLDOULVNV





DVK ,Q WKLV ZD\ D VXVWDLQDEOH UHF\FOLQJ V\VWHP LQYROYLQJ HQHUJ\ ELRPDVV




6ZHGHQWRLQYHVWLJDWHWKHIDWHRIKHDY\ PHWDOV DIWHU WKH DSSOLFDWLRQ RI OHJDOO\







65:& VWHPV LQ WKH DVK WUHDWPHQWV $ GHFUHDVH LQ WKH SK\WRUHPHGLDO HIIHFW RI
65:& ZDV WKHUHIRUH WR EH H[SHFWHG 7KLV SURYHG QRW WR EH WKH FDVH DQG D
SRWHQWLDO RXWSXW RI &G LQ WKH ELRPDVV UHPRYHG ZRXOG RFFXU DIWHU WKUHH \HDUV¶
FXOWLYDWLRQ )RU WKH RWKHU PHWDOV D SRWHQWLDO RXWSXW YLD KDUYHVW ZRXOG QRW
FRPSHQVDWH IRU WKH LQSXW LQ VOXGJH±DVK PL[WXUHV &RQVHTXHQWO\ WKH DPRXQW RI
WKHVHPHWDOVZRXOGLQFUHDVHLQWKHVRLOLQDOOWUHDWPHQWV,QDGGLWLRQVKRUWHUKDUYHVW
LQWHUYDOV DSSHDUHG WR IDYRXU WKH UHPHGLDO DELOLW\ RI 65:& 1HYHUWKHOHVV WKH
GLIIHUHQFHEHWZHHQWKHDPRXQWRIPHWDOVVXSSOLHGWRWKHVRLOLQWKHVOXGJH±DVK
PL[WXUHDQGWKHSRWHQWLDORXWSXWLQKDUYHVWHGELRPDVVDIWHU65:&KDUYHVWLQJ
ZHUH ZLWKLQ WKH SHUPLWWHG OLPLWV IRU VOXGJH DSSOLFDWLRQV ,W FDQ WKHUHIRUH EH






IDFWRUV ZDV LQFUHDVHG PHWDO UHPRYDO ZRXOG DOVR EH JUHDWHU /DUVVRQ 
SUHVHQWHGFRPSDULVRQVEHWZHHQµROG¶ZLOORZFORQHVDQGQHZFRPPHUFLDOFORQHV
PRUHUHFHQWO\LQWURGXFHGRQWKHPDUNHW7KHSURGXFWLRQGLIIHUHQFHVEHWZHHQWKH




FRQWULEXWH WR EHWWHU JURZWK /DEUHFTXH 	 7HRGRUHVFX  ,Q 3DSHU ,,,
KRZHYHU WKH VOXGJH±DVK WUHDWPHQWV VKRZHG QR GLIIHUHQFHV FRPSDUHG ZLWK WKH







































ZKHUH VOXGJH LV DSSOLHG RQ WKH VXUIDFH DQG ZKHUH LQ PRVW FDVHV QR WLOODJH LV
SUDFWLVHGDFRPSDULVRQZLWKWKHWRWDODPRXQWVLQWKHXSSHU±FPRIWKHVRLOLV


























QR65:& ZLWK65:& QR65:& ZLWK65:&
&G   ±  ±
&U     !
&X     
1L     
3E     !
=Q     
2QWKHEDVLVRIWKHWKHRUHWLFDOFDOFXODWLRQVLQ7DEOHLWFDQEHFRQFOXGHGWKDW
&X JLYHV ULVH WR PRVW FRQFHUQ IRU VXVWDLQDELOLW\ LQ FRQQHFWLRQ ZLWK VOXGJH±DVK
DSSOLFDWLRQ DW (QN|SLQJ $IWHU  \HDUV ZLWK WKH OHJDOO\ SHUPLWWHG µVODVK¶
DSSOLFDWLRQV WKH &X FRQFHQWUDWLRQ ZRXOG LQFUHDVH E\ FD  LH WKH WLPH
UHTXLUHGWRGRXEOHWKHVRLO&XFRQWHQWZRXOGEHFD\HDUV+RZHYHULIWKH&X
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H[FHVV 3 PLJKW EH ORVW WR VXUIDFH ZDWHUV RU OHDFKHG WR WKH JURXQGZDWHU
1HYHUWKHOHVVORVVHVRI3YLDOHDFKLQJRUUXQRIIKDYHQRWEHHQFRUUHODWHGZLWKWKH3
DPRXQWVDSSOLHGZLWKVOXGJHDQGDUHUHSRUWHGWREHORZHUFRPSDUHGZLWKRWKHU





DQG WKH VXEVRLO SURSHUWLHV UHVSRQVLEOH IRU 3 VRUSWLRQ 'MRGMLF %RUOLQJ 	
%HUJVWURPDUHUHSRUWHGWREHRIJUHDWHULPSRUWDQFHWR3ORVVHVWKDQWKH
WRWDODPRXQWVDSSOLHG








































 ZHUH WDNHQ LQWR DFFRXQW VHH










WKH VRLO QRW RQO\ DIWHU VOXGJH±DVK DSSOLFDWLRQV EXW DOVR DIWHU LUULJDWLRQ ZLWK
ZDVWHZDWHUW\SHVWKDWVXSSO\ODUJHDPRXQWVRI3WRWKHVRLOHJLUULJDWLRQZLWKORJ




























DQ\ GHFLVLRQ FRQFHUQLQJ WKH LUULJDWLRQ UHJLPH PXVW WDNH LQWR DFFRXQW FOLPDWLF




















$QJHODNLV $1 .RXWVR\LDQQLV ' 	 7FKREDQRJORXV *  8UEDQ ZDVWHZDWHU DQG
VWRUPZDWHUWHFKQRORJLHVLQDQFLHQW*UHHFH:DWHU5HVHDUFK
$URQVVRQ 3  1LWURJHQ 5HWHQWLRQ LQ 9HJHWDWLRQ )LOWHUV LQ 6KRUW5RWDWLRQ :LOORZ
&RSSLFH'RFWRUDOWKHVLV$FWD8QLYHUVLWDWLV$JULFXOWXUDH6XHFLDH6LOYHVWULD,6%1











%RQG :-  (IIOXHQW LUULJDWLRQ±DQ HQYLURQPHQWDO FKDOOHQJH IRU VRLO VFLHQFH
$XVWUDOLDQ-RXUQDORI6RLO5HVHDUFK
%RUJn 3 (ORZVRQ 7 	 /LXNNR .  (QYLURQPHQWDO ORDGV IURP ZDWHUVSULQNOHG
VRIWZRRG WLPEHU ,QIOXHQFH RI WUHH VSHFLHV DQG ZDWHU FKDUDFWHULVWLFV RQ ZDVWHZDWHU
GLVFKDUJHV(QYLURQPHQWDO7R[LFRORJ\DQG&KHPLVWU\
%|UMHVVRQ 3  (QYLURQPHQWDO HIIHFWV RI HQHUJ\ FURS FXOWLYDWLRQ LQ 6ZHGHQ±,
,GHQWLILFDWLRQDQGTXDQWLILFDWLRQ%LRPDVV	%LRHQHUJ\





&KULVWHQVHQ 7+ .MHOGVHQ 3 %MHUJ 3/ -HQVHQ '/ &KULVWHQVHQ -% %DXQ $
$OEUHFKWVHQ +- 	 +HURQ &  %LRJHRFKHPLVWU\ RI ODQGILOO OHDFKDWH SOXPHV
$SSOLHG*HRFKHPLVWU\
&KULVWHUVVRQ/3ODQWSK\VLRORJLFDODVSHFWVRIZRRG\ELRPDVVSURGXFWLRQIRUHQHUJ\
SXUSRVHV ,Q :RRG (QHUJ\ LQ WKH ,QGXVWULDOL]HG :RUOG (G *+ .RKOPDLHU
3URFHHGLQJVRI,QWHUQDWLRQDO%,2&/,0(&2:RUNVKRSLQ*UD]$XVWULDSS
&XUHWRQ30*URHQHYHOW3+	0F%ULGH5$/DQGILOO/HDFKDWH5HFLUFXODWLRQ±
(IIHFWV RQ 9HJHWDWLRQ 9LJRU DQG &OD\ 6XUIDFH &RYHU ,QILOWUDWLRQ -RXUQDO RI
(QYLURQPHQWDO4XDOLW\





DV\PPHWU\ DV VWUHVV LQGLFDWRUV DIWHU LUULJDWLRQ RI ZLOORZ ZLWK ODQGILOO OHDFKDWH ,Q
























































.ODQJ:HVWLQ ( 	 3HUWWX .  (IIHFWV RI QXWULHQW VXSSO\ DQG VRLO FDGPLXP
FRQFHQWUDWLRQRQFDGPLXPUHPRYDOE\ZLOORZ%LRPDVV	%LRHQHUJ\
.ODQJ:HVWLQ ( 	 (ULNVVRQ -  3RWHQWLDO RI 6DOL[ DV SK\WRH[WUDFWRU IRU &G RQ
PRGHUDWHO\FRQWDPLQDWHGVRLOV3ODQWDQG6RLO
.OHPHGWVVRQ / *UHOOH $ $URQVVRQ 3 /LQGURWK $ 	 :HVOLHQ 3 
5HQLQJVHIIHNWHQPLOM|SnYHUNDQ KRV 6DOL[ VRP YHJHWDWLRQVILOWHU I|U DYORSSVEHYDWWQLQJ
6OXWUDSSRUW(QHUJLP\QGLJKHWHQSURMHNWQXPPHU
.XWHUD-	6RURNR07KHXVHDQGWUHDWPHQWRIZDVWHZDWHULQZLOORZDQGSRSODU
































0RUVLQJ07KHXVHRI VOXGJH LQ IRUHVWU\ DQG DJULFXOWXUH $ FRPSDULVRQ RI WKH































IURP VHZDJH VOXGJHWUHDWHG VRLO 7KH SRWHQWLDO IRU SK\WRUHPHGLDWLRQ ,QWHUQDWLRQDO
-RXUQDORI3K\WRUHPHGLDWLRQ
5LGGHOO%ODFN'0+HDY\PHWDOXSWDNHE\IDVWJURZLQJZLOORZVSHFLHV,Q:LOORZ




5RVHQTYLVW + $URQVVRQ 3 +DVVHOJUHQ . 	 3HUWWX .  (FRQRPLFV RI XVLQJ
PXQLFLSDOZDVWHZDWHULUULJDWLRQRIZLOORZFRSSLFHFURSV%LRPDVV	%LRHQHUJ\

5R\JDUG -.) *UHHQ 65 &ORWKLHU %( 6LPV 5(+ 	 %RODQ 16  6KRUW
URWDWLRQIRUHVWU\IRUODQGWUHDWPHQWRIHIIOXHQWDO\VLPHWHUVWXG\$XVWUDOLDQ-RXUQDORI
6RLO5HVHDUFK








$URQVVRQ 	 . 3HUWWX 6ZHGLVK 8QLYHUVLW\ RI $JULFXOWXUDO 6FLHQFHV 'HSDUWPHQW RI






6LUpQ * 6HQQHUE\)RUVVH / 	 /HGLQ 6  (QHUJ\ 3ODQWDWLRQV±6KRUW 5RWDWLRQ
)RUHVWU\LQ6ZHGHQ,Q%LRPDVVHGV'2+DOO	532YHUHQG-RKQ:LOH\DQG6RQV
/WG(QJODQGS
6ODSRNDV 7  ,QIOXHQFH RI OLWWHU TXDOLW\ DQG IHWLOLVDWLRQ RQ PLFURELDO QLWURJHQ
WUDQVIRUPDWLRQVLQVKRUWURWDWLRQIRUHVWV'RFWRUDOWKHVLV5DSSRUW6ZHGLVK8QLYHUVLW\












619 6ZHGLVK (QYLURQPHQWDO 3URWHFWLRQ $JHQF\  6YHULJH nU  YlJHQ WLOO
KnOOEDUWVDPKlOOH6WRFNKROP1DWXUYnUGVYHUNHW
619 6ZHGLVK (QYLURQPHQWDO 3URWHFWLRQ $JHQF\  ,QJHQ |YHUJ|GQLQJ








 3UHGLFWLRQ RI ORQJ WHUP OHDFKDWH TXDOLW\ DQG FKHPLFDO VSHFLDWLRQ IRU D
SUHGRPLQDQWO\ LQRUJDQLF ZDVWH ODQGILOO ,Q 6DUGLQLD  1LQWK ,QWHUQDWLRQDO :DVWH
0DQDJHPQWDQG/DQGILOO6\PSRVLXP3URFHHGLQJV(GV&KULVWHUVHQ7&RVVX5	
6WHJPDQQ56DUGLQLD,WDO\SS
:DW]LQJHU $ 5HLFKHQDXHU 7* %OXP :(+ 	 *HU]DEHN 0+  /HDFKDWH
SURGXFWLRQDQGJDVFRPSRVLWLRQLQDUHYHJHWDWHGODQGILOOFRYHUXQGHUODQGILOOOHDFKDWH





















7KH FRQVWUXFWLYH JXLGDQFH DQG FRPPHQWV IURP P\ RWKHU WZR VXSHUYLVRUV
SURIHVVRUV-DQ(ULNVVRQDQG7KHR9HUZLMVWKHOSHGPHWRFRQVLGHUDQGXQGHUVWDQG
RWKHUSHUVSHFWLYHVRIWKLVZRUN7KH\DUHNLQGO\DFNQRZOHGJHGIRUIRUWKDW









SUDFWLFDOLWLHV $QQHOL $GOHU 0DULD -RQVVRQ DQG 0DUWLQ :HLK DUH DGGLWLRQDOO\
JUDWHIXOO\ DFNQRZOHGJHG IRU DPRQJ RWKHU WKLQJV WKHLU IUXLWIXO FRRSHUDWLRQ LQ
SURGXFLQJ«VROLGVFLHQFH
$OWKRXJKZH*UHHNVDEVROXWHO\KDWHWREHWKDQNHGE\IULHQGV  





)XQGLQJ IRU P\ ZRUN ZDV SURYLGHG E\ WKH 6ZHGLVK 1DWLRQDO (QHUJ\
$GPLQLVWUDWLRQSURMHFW1R3ZKLFKLVJUDWHIXOO\DFNQRZOHGJHG